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A brief descriptions of natural geoelectric currents emancipating from earth’s core, induced
by ionospheric currents, magnetic erochets, magnetic storms, tidal movements and local
earth currents due to spontaneous polarisation, junction potential, membrane potential,
streaming potential, differential temperature cell action and lightning discharges have been
given and the order of the currents due to these causes has been evaluated. The order indi-
cates that the local earth currents due to physico—chemical causes in the earth may signifi-
cantly add to the corrodibility of metals due to the physico—chemical nature of the soil.
Longline telegraph cables may sometimes be damaged by corrosion due to the current
induced by magnetic storms. The effect of all other geoelectric currents on the corrodibility
of metals in soil is insignificant.

Electric currents in the earth’s crust are one of the causes of corrosion of subterra-
nean metal structures. In the earth electric currents produced because of certain electric
installations are known as stray currants. Their corrosive influence has been extensively
studied!? and preventive methods have been successfully adopted in order to minimise
the damage due to them. Important advances in the knowledge of the natural earth-
currents have, however, been made only in recent years and an assessment of their corro-
sive influence has not been done. The causes of the natural electric currents manifesting
in earth’s crust, the order of their magnitude and the extent of their corrosive influence

are summarised in this paper.
CURRENTS FROM EARTH'S CORE

The core® of the earth is a fluid mass of metals, about 6740 km in diameter. It is
svrrounded by a mantle consisting of sclid rock. From the geophysical studies it is inferred
that the electric currents of high magnitude flow in the earth’s corc and the inner part of
the mantle. As the mantle is semiconductor in nature, a minute portion of the current
may leak up to the crust. A schematic representation of such currents has been given
by Runcorn®5. Though these currents have not yet been identified at the surface
of the earth, it is expected® that the potential gradient due to these currents may be of
the order 0-1—1+0 mV/km. These currents continually operate for all time.

CURRENTS INDUCED BY IONOSPHERIC CURRENTS

The earth’s magnetic field, having an average value of 0-5 gauss (50,000 y), is never
constant and varies geographically and chronologically. Ordinarily it is dve to the effect
of the interaction of actinic rays and the ionosphere 67, Ionosphere is a region 80—360
km above the earth., Actinic rays react with the ionospheric gases to release vast swarms
of free electrons. The electrons move in the form of electric dynamo currents, They
flow in the ionospheric region in a vast circular and horizontal patttern. The magnitude
of these currents is of the order 103 amperes. There are four main concentrations of
ionospheric currents, each above the four quarters of thg glo_be. The ionospheric currents
cause rythmic fluctuations of magnetic intensity and direction on the earth. These fluc-
tuations constitute annual solar cyele, diurnal solar cycle and diurnal lunar cycle. The
daily variation in the magnetic intensity is of the order of 10 y.
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The variations in the magnetic field induce earth-currents. The mean current system
at the earth’s surface, induced by ionospheric currents, has been given by several
workers®5:89 . A typical system is given in Fig. 1. There are four main groups of
currents corresponding to four groups of ionospheric currents. This pattern of earth-
currents rotates round the earth following the sun.

The paths of the earth-currents induced by each concentration of ionospheric current
are of the order of 10* km. The change of magnetic flux during a day is about
10" gauss X cm?. Hence the rate of change of fluxis 10° lines/sec. This corresponds toa
voltage of 10 V round the circuit. Therefore the potential gradients® of the current is of
the order ¢f 1 mV/km. -

CURRENTS DUE TO MAGNETIC CROCRETS

The magnetic crochets 11! are sudden small changes in all the three components of
earth’s magnetic field. They are connected with the more important solar flares believed
to be due to an increase in the ionisation currents in the jonosphere. Some authors think
that the currents causing magnetic crochets flow at a level different from ionospheric
currents which produce normal diurnal variation in the geomagnetic field,

CURRENTS DUE TO MAGNETIC STORMS

The geomagnetic field is confined within a boundary known as magnetopause and
intersects sun-earth line at about 10 earth radii. The region within this boundary is
known as magnetosphere. The earth, surrovnded by this magnetosphere, is immersed
in interplanetary plasma stream known as solar wind, which always flows away from the
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" Fro. 1—World system of earth currents induced by ionospheric currents at 1800h GMT .
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sun 12, The plasma consists of electrons and protons derived from hydrogen atoms emi-
tted by solar flare 12, It interacts with geomagnetic field in the regions of magnetopause.
The interaction is dependant on the intensity of solar wind. As a result, a cavity is
produced in the magnetosphere and the distance of magnetopause from earth is reduced
by a few earth radii on the sunlit side 156 on the other hand it extends to much greater
distances on the night side. Occasional localised enhancements in the density and velo-
city are superimposed on almost a steady plasma stream which has the density of about
2-5 protons/cm® and velocity 1000—2500 km/sec. These superimpositions are often,
but not always associated with sunflares and other sudden events on the sun 1718,

The interaction of enhanced solar wind with the geomagnetic field gives rise to the
phenomenon known as magnetic storms on the earth 1920, Conclusions regarding the
interaction of plasma stream and the geomagnetic field and the consequent effects on the
geomagnetic intensity have been confirmed with the help of laboratory models 20:21,
Important investigations regarding the variations in the interplanetary plasma and its
correspondence with the magnetic storm on the earth have been carried out with the help
of artificial satellites 22— 25, For example, a geomagnetic storm commenced suddenly
when Explorer—10 was at the distance of 22—32 earth radii. At this range the plasma
- density was found to be 10 protons/cm? and velocity 500 km/sec.

With the commencement of the magnetic storm, rapid irregular fluctuations in the
magnetic field are observed all over the world. The fluctuations occur mainly in the
horizontal component of the magnetic field. The vertical component is much less affec-
ted. The period of each fluctuation extends to several hours or days. In the first phase
of the storm a sudden enhancement in the horizontal field is observed. The enhancement
is of the order of 10 y in weak, 102 y in medium and usual, and 103 y in severe storms.
In severe storms, the geomagnetic field at higher latitudes may increase to 2:5x103y.
This occurs in the course of a few minutes. Usually the period is about an hour. Then
the field decreases and remains above its normal value for 2—4 hours. The decrease con-
tinues for several hours until the minimum is reached at the end of about 15 hours from the
commencement of the disturbance. The depth of the minimum field is usually greater
than the height of the maximum field. Several irregularities and alterations in the magnetic
intensity are also associated with this drop. Thereafter the phase of recovery extends
to several days during which gradual return to ncrmal value occurs 513,

Variations in the field are strongest in those zones of the earth where aurora is best
developed. In general, the disturbances are much greater in polar regions above 60°
than in middle and lower latitudes. The polar regions are constantly disturbed even
at periods when geomagnetic field at lower latitudes is free from any disturbances 26 — 28-
The magnitude of such disturbances is of the order of 10 y.

Weak storms occur with a frequency of several times per month, medium storms at
an approximate interval of 27 days 2530 and severe storms average less than one per year.
The magnetic storms are more frequent specially when sun spots are numerous 3 because
the solar flare is closely associated with the occurance of sun spots. It is well known that
the frequency of sun spots varies according to an eleven year cycle 3, A close correla-
tion between cycles of change in the number of sun spots and in the intensity of magnetic
disturbance has been observed 32,

There is definitely a physical relationship between the geomagnetic variation and the
earth-current or potential gradient but its exact nature is not yet known because of the
inadequate knowledge of sub-surface structure of the earth, which is also involved in the
correlation. As the structure is varying and complicated, the correlation is not expected
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to be simple, more so because the magnetic variations induce earth-currents which in
turn react with magnetic field to modify it still further 3. Some attempts have been
made to derive theoretically a correlation between the changes in magnetic flux and the
earth potential gradient 3 but only a rough qualitative agreement is found to exist bet-
ween the calculated and observed field results 3 A schematic diagram of earth-
current induced by magnetic storm is given in Fig. 2.

At middle and lower latitudes, the earth currents induced by a change in the geomag-
netic flux travel round the globe more or less is east-west direction 3. At polar regions,
two loops of currents of comparatively higher density -exist. The order of the current
during usual magnetic storms is expected to be 5 x 10®amperes. In severe storms, a poten-
tial gradient of 0-1—0+2 V/km has been recorded at several stations in middle latitudes®.
At polar stations, higher values have heen recorded. In extreme cases potential gradient
of the order of several V/km is observed #. For example, 800 V has been recorded to be
induced in 600 km of a subterranean cable 5. In transatlantic cables 1000—2500 V
have been observed to be induced during magnetic storms. — --

CURRENTS DUE TO TIDAL WAVES

Periodio rise and fall of water level of ocean due to the combined effect of sun and
mdon is termed as tide 3839, The water level varies with time in the form of a sine
curve having a period of about 12-5 hours. The saline water of ocean, estuary or a tidal
river functions as a moving conductor cutting the lines of force of the vertical components
of the geomagnetic field. Thus the tidal movement induces voltage across the bank and
current flows between fhe banks through the conducting bed in one direction and the
initervening water in another. The chronological behaviour of the voltage induced by
tidal movements has been measured across transpacific lines5. There is a very good cor-
respondence between the variation in voltage and tidal movement, The effect of tidal
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an 9—~World system of earth currents induced by geomagnetic storm. The centre of the figure
on the right hand side represents the north pole of the earth.
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motion-on the regular diurnal geomagnetic variation has been observed and confirmed
at several stations situated at coastal areas 40— 44, Diurnal geomaguetic variations upto
the extent of 209, at such areas are attributted to this cause?.

The e.m.f. induced across a water system is given by

e=H,. v. l. em.u.
=H .v.1.x10-8V
where ¢ is the induced e.m.f.; H,, the vertical component of geomagnetic ﬁeld v, the
horizontal velocity of the tide and I, the length of water system.
By differentiation
‘ de
dl
The velocity of the tide is apprommately 50 cm/sec (about a knot) and the order of -

geomagnetic field is 0-5 gauss. Therefore the order of the po’cen’mal gradlent is 10 mV/km
per knot.

—8
=Hz v .10 V/Cm

The velocltv of tidal waves in estuaries a,nd tldal rivers, depends on the depth of water.
The relation is given by

V=061v D

where V is the velocity in knots and' D; the depth of water in meters, Therefore at such
_spots the induced voltage and the earth current become correspondingly less. '

The resistivity of sca-water is approximately 21 ohm cm. If the resistance of the path :

of the current through the earth is considered to be negligible, the maximum current is_
given by

- de o
Imaw = El . I/P
-8 1
_ Hz . V 10 . éi .

By substituting the values as above the order of the maximum current densuy is
found to be 10—8 amp./cm2. '

LOCAL EARTH CURRENTS

At several sporadic spots on the earth, potential gradients are established due to
several physio-chemical causes 45 other than those mentioned above. The paths of the
currents due to these potential . gradients are comparatively very short and because of -
this reason, these currents are generally not included under the term earth-current. There-

fore, they are designated as local earth currents. The various causes of such currents are
given below.

Spontaneous polarisation

Chemical reactions at some spots establish dlstmctwe potential patterns around some
ore bodies in earth#, The phenomenon is most important around the sulphide and
graphite ores where comparatively large potentials are observed 4. In the case of sul-
phide ores, oxidation occurs mamly above the water table and correspondmg reduction
at the lower end of the ore which is submerged in water and is low in oxygen concen-
tration. Comnsequently a current flows from one end of the ore to the othei through the
intervening soil, The differential mechanism cannot be considered to operate in the



70 .~ Sveer. Dz, Sor. J., Vo, 16, April 1966

phenomena over graphite ores which do not undergo significant oxidation. Hence an alter-
native mechanism has been proposed for the development of such potential differences?.
Oxidation potential difference exists between the substances in solution above and
below the water table because of differential concentration of oxygen at two zones. The
ore body functions merely as a good conductor and serves to transport electrons from
the zone of reduction at depth to the upper zone of oxidation and does not take part in the
electrochemical action. Schematic diagram showing the local earth current systems
due to sulphide and graphite ores are given in Fig. 3.

Junction potential or diffusion potential

Wherever two solutions in the form of ground waters having different ion activities
and mobilities are in contact, an electrochemical diffusion potential is established 4%, The
magnitude of such a potential difference is given by

v—u) GT a
Bj= w+u) " nF In. a”
where v is cationic mobility; w, anionic mobility; @, gas constant (8:314 joules/°C); T,
absolute temperature; #, ionic valency; F, Faraday (96,000 coulombs); o’ and ¢” mean
activities of the two solutions and I» the natural logarithm,

Membrane potential or mounce potential

If the solutions are separated by ion-active earth materials, an additional potential
known as mounce potential is also observed 4. The magnitude of the potential for a
simple case of two different concentrations of a univalent (n = 1) salt like sodium
chloride is given by '

GT a
The total potential is obtained by the addition of diffusion and mounce potentials.
Streaming potential ’ '

~ The potential generated by the flow of solutions through permeable beds is known
as streaming or electrofiltration potential®. TIts magnitude is given by
: UP.k
B ="
4”‘)’}”&
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where U is the adsorption potential existing between the double layer of charge on the
walls of capillaries. Its magnitude is & function of ionic concentration. P is the difference
in pressure between the points where E is measured; k, the dielectric constant; ¥¢, the
viscosity and o, , the conductivity of the sclution.

“The potential gradient developed due to the above causes operates continuously at
spots where the necessary conditions for their development exists. The maximum poten-
tial gradient of the order of 0-1 V/m is often developed by the above mentioned causes
at various spots on the earth.

Differential temperature cell action

Voltages of very small magnitude are developed due to the different temperatures
at two points in the earth even though otherwise they may be electrochemically identical.
The magnitude of the electric currents due to this cause is always insignificant.

Lightning discharges

Surges of high magnitude of electric current are produced in the earth because of the
dissipation of the potential through the crust’®5l. In quiet weather the density of vertical
earth-current is of the order of 10— amp/em?, but during thunder storms it increases®?
105 fold. Potentials of the order of 106 ¥ and currents of the order of 10% amp are asso-
ciated with the travelling surges passing through conducting towers. Therefore, very
high density of current exists at the spot of lightning discharge. The density decreases
gradually with the distance from the point of discharge. These currents are transient
in nature having a period of existence of the order of 10— sec. Therefore the amount
of electricity flowing in surge is of the order of 1 coulomb.

CORROSIVE INFLUENCE

The agencies inducing potential gradient in the earth, also induce a potential gradient
in the subterranean metal structure. In a subterranean structure, a considerable part
of the induced potential gradient is lost in the form of eddy currents within the metal
structure. They do not produce any corrosive influence. Only a small portion forms a
part of the earth-current system which dissipates out into the soil. The same phenomenon
occurs if such a metal structure is situated in the path of non-induction type of earth-
current. The magnitude of this current is principally dependent on the permeability
of the covering towards ions and water and the frequency and area of the occurance of
vulnerable points on the structure. Wherever the current leaves the metal structure
and enters the soil, the corrosion of metal occurs.

The minimum order of the currents associated with corrosion due to the physico-
chemical properties of soil may be taken as 0-1 V/m. The order of the potential gradient
developed due tothe leakage currents from earth’s core, ionospheric currents, magnetic
crochets and usual magnetic storms is 1 mV/km. The maximum potential gradient due -
to the tidal waves is 10 mV/km. Therefore, the corrosive inflvence of all these currents
in terms of corrosion loss per unit area per unit time is insignificant as compared to that
of the physico-chemical properties of the soils. ' '

In very long structures lying parallel to the direction of the potentié.l gra.dient, the
current enters at several vulnerable points extended over a large area but leaves at small
limited area which suffers significant corrosion® with deep penetration. Such type of effect
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by severe magnetic storms has been observed’ in long line telegraph cable of the order of
102 km. A uniformly good insulated covering free from vulnerable points offers a good
protection against any such damage.

The local earth-currents due to the physicc—chemical causes in the earth have the
maximum potential gradient of the order 0-1 V/m, This is the minimum order of the
currents associated with corrosion processes due to the electro-chemieal factors of the
soil. Therefore the corrosive influence of the currents due to these causes is compara-
tively far more than that due to the afore-mentioned currents. At several spots these
currents may significantly add to the corrosivity due to the physico-chemical nature
of thesoill. The protective methods adopted against the corrosity of soil due to its physico-
chemical nature suffice for the protection against the corrosive influence of the local earth-
currents, ) :

The currents due to the lightning discharge, though heavy but transient in nature,
do not significantly add to the soil corrosivity.

N
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